INTRODUCTION
The existence of dominance hierarchies between red deer hinds (Cervus elaphus L.) has been described and related to age and body size (Hall, 1983; Clutton-Brock et al, 1986) . The stability of these dominance relationships has also been reported (Thouless & Guinness. 1986 ). While a relative stability in hierarchical relationships between males or even between adult females is not a surprising fact, in family groups a slightly different situation could be expected. The costs and benefits of a given position in a hierarchical order is partly shared by members of a family group by means of their inclusive fitness.
It is known that a dominant animal may give up some of the advantages of a high rank to younger animals due to its own increase in inclusive fitness, as is the case of central positions in social spacing for this same species (Carranza & Arias de Reyna, 1987) .
In a non-kin group, the hierarchical arrangement is the result of a conflict between individual interests. Within a family group, however, the inclusive component of fitness must also be weighted to understand the final arrangement. The result may be almost the same as that coming from a cooperative group. Moreover, the cost/benefit ratio of a given hierarchical position for each animal changes throughout development, and therefore hierarchies must be expected to change too.
According to Trivers (1972) hinds probably compete mainly for food resources, and rank is important mainly in displacement at a feeding site. The benefits of a high rank must therefore decrease as resource availability increases. Both development and resource availability could promote seasonal changes in hierarchies and agonistic interactions. This paper reports on the hierarchical organization and the agonistic interactions within female groups of red deer at two different periods of the year (before and after the rut) which represent extremes with regard to resource availability and some changes have already occurred in development.
METHODS
The study area lies in central Sierra Morena (Córdoba, Spain) and consists of mediterranean scrub and forest, of which certain areas have been reclaimed as pastureland.
Data were obtained in the periods before and after the rut (pre-breeding and post-breeding, respectively), since during the rut (September-October) females are usually grouped in harems. The following age-sex classes were considered: (1) Calves: animals up to one year of age, regardless of sex;(2) Yearling females: covering the second year of life, up to the calving period; (3) Young hinds (two-year-old females); corresponding to the third year of life; (4) Hinds: females over three years old; (5) Yearling males: corresponding in age to the yearling females class, and including all males showing their first set of antlers.
Data were collected by direct observation and by using portable video equipment, according to the focal group (or subgroup) method (Altmann, 1974) , from hidden observatories, during 157 hours in the pre-breeding and 102 in the post-breeding periods. An amount of 669 individuals (not individually recognized) were observed in the pre-breeding and 1,420 in the post-breeding periods, in familiar groups or aggregates of several families.
On the basis of the interactions recorded, action-reception matrices were constructed for threats (including nose and ear threats, displacements, kicks, bites, and chases) and flights. Appleby's (1983) "winter-loser" test of linearity was applied to matrices, k being the linearity index, and d the number of reversals (Appleby, 1983) .
Action and reception rates were calculated as a function of the total observation time for each class, and their intervals of confidence were calculated as proportions (Spiegel, 1961) . The comparison of interaction frequencies between seasons was made by using the chi-square test, applied to matrices of 2X2 w:th frequencies for each age-sex class dn both seasons and the expected frequencies according to the relative time of observation.
The proportion comparison test (Spiegel, 1961) was employed for the study of relations between classes, using as a statistic the typified normal distribution which was termed z. Expected proportions were calculated according to the amount of observation (time per pair of individuals) for each pair of classes, as described in the method proposed by Altmann & Altmann (1977) . The study of relationsh ps was carried out in accordance with two criteria: (1) considering as a total tie sum of the action-reception matrix, thus enabling significant relations to be obtained from the matrix as a whole; (2) studying each class as actor and receiver. the totals in this case being those of the rows and columns respectively, thus providing significant relations for each class, independently of what these might represent in terms of the matrix as a whole.
RESULTS
Rates of threats and flights diminish from pre-breeding to post--breeding as the mean group size increases (Table 1) , as a consequence of the gathering of family groups in the post-breeding period ( Table 2) . Table 1 General rates of interactions (per individual in 100 minutes) and mean group size in both periods of study. N = number of groups. Matrices of the frequency with which each age-sex class performed and received both threats and flights were used as a basis for the application of Appleby's (1983) linearity test. The results obtained in both periods of study were as follows:
k=. 1 (d = 0) both for threats (N=176) and flights (N = 96) in the pre--breeding period, with a ranking from dominant to subordinate animals: hind, yearling male, young hind, yearling'female, calf.
Jc=0.65 (d= 1.75) for threats (N = 135) and flights (N=lll) in the post-breeding period, with the following (non-linear) class order: yearling male, hind, young hind, yearling female, calf.
Since only 5 age-sex classes were considered it was not possible to test the significance of the linearity index (see Appleby, 1983) . However, in the case of the pre-breeding period, the fact that k reached maximum value and d = 0 indicated that the order clearly tends towards linearity. In the post-breeding period, on the other hand, the index value obtained does not suggest the existence of a linear order.
Interaction rates per unit time for each class and for the two periods of study are shown in Fig. 1 (a-d) . It can be seen that threat performance rates tend to diminish for most classes from pre-breeding to post-breeding, a decrease not found for yearling males and young hinds (Fig. la) . Threat rates tend to be higher in those classes occupying an intermediate position in the dominance hierarchy, diminishing towards both ends of the arrangement (Fig. la) , a phenomenon also found for flight reception rates (Fig. Id) . Threat reception rates, on the other hand (Fig. lb) , increase lower down the dominance scale of the pre-breeding period, when the hierarchy tends towards linearity, although they decrease for the calf class. Similar relations were found in the post-breeding period, but they tend to be lower with the exception of yearling males (Fig. lb) . The same general pattern is found for flight performance, though yearling males are again an exception (Fig. lc) . The directionality of interactions is shown in Fig. 2 . Threats seem tc occur preferentially among adjacent classes in the dominance hierarchy, and from adult hind to yearling female. Interaction directions follow the dominance order for pre-breeding (when this is linear) but less clearly for post-breeding, when some significant interactions appear in the reverse order. Interactions between individuals from the same age--sex class were common for the youngest animals (calves, yearling males, yearling females). In order to study interaction performance and reception directions in classes with low interaction rates, the interactions performed or received by each of the classes independently were considered as totals for the calculation of proportions. The results thus obtained did not represent any substantial modification to what has already been described, and therefore they are not included here, the only noteworthy relation was that between hind and yearling male. The proportion of threats received by a hind from a yearling male was higher than expected from the amount of time that the yearling male had been observed close to the hind (2=4.19; pCO.OOl).
DISCUSSION
In mediterranean ecosystems, the two periods chosen for this study represent extremes for the red deer with regard to resource availability. Resources are scarce in the pre-breeding period (summer and early autumn) and plentiful in the post-breeding period (winter and spring, see Rodriguez Berrocal, 1978) .
The general decrease found in interaction rates reflects a less competitive situation in post-breeding, probably due to the high resource availability, a finding also reported by Hall (1983) and Clutton-Brock et al (1986) for red deer hinds in Rhum, although in that case the timing of resource availability is the reverse (higher in summer). When the level of competition is low, the optimal group size must increase due to the benefits of vigilance, specially when animals are exploiting resources in open habitats as is the case of red deer during the post--breeding period in our study area (Carranza, 1984) . When benefits of a high rank are low, the maintenance of a status becomes less important and hierarchical order may lose linearity.
When classes are ordered according to rank, the interaction rates produce polygons with shapes that are meaningful. As is the general case reported for many species including red deer (Clutton-Brock et al, 1982 Hall, 1983) , rates of performing threats are low in the extremes of the ranking, and rates of receiving threats increase down the hierarchical order; the opposite being the case for flight rates.
Particular stages in development produce features reflected in interaction rates. Thus, calves receive less threats than could be expected from their rank, probably due to their spatial proximity to hinds (Carranza & Arias de Reyna, 1987) . Young hind and yearling male do not share the general situation of decrease in interaction rates from pre-breeding to post-breeding. Although agonistic interactions may not be very important for most classes in the post-breeding season, this may not be the case for young hinds and yearling males, both classes are approaching the time of separation from the matriarchal group. The young hind is probably pregnant for the first time and will separate in the next May or June, and the yearling male is going to join all-male groups where the development of agonistic interactions and the maintenance of a high rank is highly correlated to reproductive success (Clutton- -Brock et al, 1982) .
The development of agonistic interactions and social relationships in general must be important during the post-breeding season when different family groups aggregate in open areas, allowing young individuals to interact towards those from their own age-sex class from different families, engaging themselves in agonistic and play interactions. Apart from differences between age-sex classes in the benefits associated with the maintenance of a high rank, hinds must have been selected to allow their offspring from the previous year to maintain a high rank in family groups when it is important for their development, and future social behaviour, and means a low cost for the remaining members.
Thus, and bearing in mind the importance of rank specially for males, the change in dominance relationships between hind and yearling male could be explained as a result of (1) sexual dimorphism that enables yearling male to threat even adult females, (2) differences in the benefits of rank between individuals of different age or sex producing asymmetries in the profitability of escalating during contests, (3) a yielding by a hind which benefits herself by means of her offspring's fitness. Nevertheless, there is no evidence for red deer to the effect of such surrendering on future relationships, though for some species social prior-experience has been proved to have an effect on future relationships. Thus, prior dominance experience may increase the probability of winning future contests, and furthermore, prior subordinate experience seems to have a stronger effect in decreasing such a probability (see Beacham & Newman, 1987 , for a recent review). It would be interesting to test this influence in red deer.
Hierarchical organization between females has been reported to be stable through the years (Thouless & Guinness, 1986 ), this fact is not in disagreement with the results presented here of seasonal changes that may reflect only a seasonal fine tune of agonistic interactions, probably reflecting both the costs-benefits of rank and the effect of inclusive fitness for each member of a family group.
